To explore the factors that normally regulate Ca 2ϩ in Ca 2ϩ influx into dendritic spines is of particular imporspines and to uncover the features of stimulus-induced tance to synaptic plasticity. The postsynaptic densities [Ca 2ϩ ] transients that determine whether synaptic plasembedded in spine membranes contain many of the ticity is induced, measurements need to be performed molecular Ca 2ϩ sensors and their substrates that are in the presence of low exogenous buffer capacity. Furinvolved in synaptic plasticity (Kennedy, 2000 Figure 1E ) and was used to determine Ca 2ϩ concenused to simultaneously measure [Ca 2ϩ ] dynamics (Figure 1) .
tration during the single AP-evoked transients in the spine and dendrite ( Figure 1F ] returned to resting values quickly, to 150 m from the soma (e.g., Figure 1A) . In spines and their parent dendrites, fluorescence transients evoked and the decay phase in all cases was well fit by a single exponential ( Figure 1F (⌬F/F) syn was subsequently measured in the same spines at a holding potential of 0 mV, and in interleaved trials, the NMDA-R-mediated EPSC was recorded at the soma by hyperpolarizing the neuron slightly (Ϫ10 mV) ( Figure 5D ). Trials in which neurotransmitter was released ("success" trials) could be distinguished from trials in which no release occurred ("failure" trials) (Figure 5D) , and on average, for success trials at 0 mV, (⌬F/F) syn ϭ 57% (n ϭ 4 spines, 10-50 trials/spine, range 36%-69%).
As expected, (⌬F/F) syn had rising and falling phases that were slower than those of either the EPSC or (⌬F/F) step . The time course of (⌬F/F) syn was well fit by the convolution of the EPSC and the decay phase of (⌬F/F) step ( Figure 5E) . Similarly, the deconvolution of (⌬F/F) syn by the EPSC resulted in a convolution kernel whose time course matched the decay phase of (⌬F/F) step ( Figure 5F ). Thus, the "impulse response" of the spine is the same during AP-evoked, tail current-evoked, and NMDA-R-mediated In these conditions, (⌬F/F) AP ϭ 7.1% (range 3.5-9.9, n ϭ (E) Comparison of the time course of (⌬F/F) syn , the EPSC, and the convolution of the EPSC with exponential fit to the decay of (⌬F/F) step . 6; and data not shown); therefore, the amplitude of the ] signals. This is in contrast to the situation in highly buffered spines in using values given in Table 1 K D ϭ ((⌬F/F) max ϩ 1) from the structure and is expressed as B ϭ (1ϩ ␦(x))E, where ␦ is the spatial heterogeneity of the background signal, then
where R f is the dynamic range of the indicator and was measured Clearly, if E ϭ 0, the correct expression for ⌬F/F is obtained. If E Ͼ previously as the ratio of fluorescence from Ca 2ϩ -saturated indicator 0 and ␦ ϭ 0, the calculated ⌬F/F will be an underestimate of the to that from Ca ) has an inverse the excitation volume of our microscope (f ϭ spine volume/excitadependence on the total buffer capacity, such that tion volume ‫.)%01ف‬ Therefore, the volumes and shapes of the spine and excitation kernel, as well as the microscopic distribution of extracellular fluorophores, would need to be known in order to cor- of Ca 2ϩ to resting levels following an AP due to extrusion of Ca 2ϩ from volume than the parent dendrite, improper background correction the cytoplasm ( decay ) is related to the Ca 2ϩ buffering capacity by will more greatly distort measurements made from the spine.
In the presence of spilled dye, the fluorescence measured from 
